WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLliSHED UNDER THE PATENT COOPERATIQN TREATY (PCT) 



(51) International Patent Classification ^ 
A61N 5/00 



Al 



(11) InternaUoiiai Publication Number: WO 96/30082 

(43) !Rtcrsst!cr.aS Publication Date: 3 October 1996 (03.iO;96) 



(21) International Application Number: PCT/US96/0380Q 

(22) International Filing Date: 21 March 1996 (2h03.96) 



(30) Priority Data: 
08/410.494 
08/514.806 



24 March 1995 (24.03.95) US 
31 October 1995 (31.10.95) US 



(60) Parent Application or Gratit 
. (63) Related by Continuation 
US 

Filed on 



08/514.806 (CIP) 
3 1 October 1 995 (3 1 . 1 0.95) 



(71)(72) Applicant and Inventor: 0*DONNELL. Francis. E.. Jr. 
[US/US]; 709 The Hamptons Lane. Town & Country. MO 
63017 (US). 

(74) Agent: DEN K. Paul. M.; 763 South New Ballas Road, St. 
Louis. MO 63141 (US). 



(81) Designated States: AU. CA. JP. MX. NO. US, European patent 
(AT. BE. CH. DE. DK. ES. FI. FR. OB. GR. IE. IT, LU; 
MC, NL. PT, SE). 



Published 

With international search report. 
Before the expiration of the time limit J6r amending the \ 
claims and to be republished in the event of the receipt of 
amendments, ■ 



(54) TiUc: METHOD OF EVALUATING A LASER USED IN OPHTHALMOLOGICAL SURGERY 



RA5T0PHOTO- 
GRAMHETRY 



^C^TACT LE^^ 



LASER 



RASTOPHOTO- 
GiRAMMETiRY 



VCONTACT LE 



CAL IBRATION 
BLOCK 



CALIBRATION 
BLOCK 



^CONTACT LENS, 



CALIBRATION 
BLOCK 



(57) Al^tfact 

whcrci tTe^S.?«M«!,TK^°f and PlacidcMlisc videokeratoscopy in ophthalmological surgery to calibrate a surgical laser 

Z^t^s^^s^T^I<!^Jnf'^Txr ' • • ""^^ Performing rastophotogiammetry or Placido-disc videokera.oscopy 

T^er T^f t^L^/r 12. '^^r^abjanon.tp deteimme whether there is a iinifomi ablation and no Unwanted effects created by the 
laser. The substrate can be calibration block, an intraocular lens implant, a contact lens, an artificial cornea, or cornea. ; 



BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso ' 


BG 


Bulgaria 


BJ 


Benin 


BR 


Bnzii 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Swttze^rtand 


CI 


C6te d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


n 


Finland 


FR 


France 


GA 


- Gabon « 



paity to the PCT on the front pages 



GB 


United kingdom 


GE 


Georgia 


CN 


Guinea 


GR 


Greece 


HIj 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic PeopIe^s Rep^iblic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova ' 


MG 


Madagascar 


ML 


MaJi 


MN 


Mongolia 


MR 


Mauritania 



pamphlets publishing international 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


5G 


Singapore 


SI 


Sk>vcnia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Stales of America 


uz 


Uzbekistan 


VN 


Viet Nam 



wo 96/30082 



PCT/DS!96/03800 



METHOD OF EVALUATING A LASER USED IN 
OPHTHALMOLOGICAL SURGERY 

Technical Field ^ 

This invention relates to a method of using 
rastophotogrammetry and Placido^diisc video keratoscopy 
in ophthalmological surgery r. more specif ically, to a 
method of using rastophotogrammetry, and Placido-cJisc 
video keratoscopy to evaluate and calibrate a laser 
used in refractive surgery so as to measure the amount 
of unwanted lens effect delivered by an excim^r laser 
or other ultraviolet or infrared laser beams. 

Rastophotogrammetry has been used in 
ophthalmological surgery to measure the surface 
contour or the optic nerve head and to measure, corneal 
surface curvatures. In the technique of 
rastophotogrammetry a series of parallel lines or a . 
grid is projected bn the surface to be measured. 
Computerized digital analysis of a video image is 
performed to detect elevations or depressions of the 
surface being measured. Rastostereographic imaging is 
combined with image processing computer software to 
produce a model of the topography of the cornea, for 
example. Prior art uses of the technique have been 
limited to measuring epithelialized corneal surfaces/ 
before and after refractive procedures such as 
radialkeratotomy and excimer photo-refractive 
keratectomy. Although useful, prior art applications 
of the techjiique only measu,re epithelialized corneal 
topography before and after surgical intervention. 
There is no predictive value in this technique, that 
is, the rastophotogram only measures changes in the 
corneal topography retrospectively. If tfie laser used 
during surgery is not properly calibrated, the laser 
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may have unwanted lens effect by removing corneal 
tissue in an uneven pattern leaving depressions (hot 
spots) or elevations (cold spots). The goal of the 
surgery is to perform a uniform ablation with a 
5 unifortn laser beam, i.e., a laser beam having no 

unwanted lens effect. Furthermore^ the prior art uses 
of rastophotogrammetry do not measure topographical 
changes in optic implants or on contact lenses. 

Recently it has been determined that 
10 Placi do-disc videokeratoscopy can be used to determine 
surface contour, particularly to visualize and 
determine the surface contour of a "Contact lens" or 
artifical cornea. The Placido-disc video keratoscope 
is a type of cpmputer ized videoker atogr aphy now 
15 available to ophthal mological surgeons. The 

instrument allows the isurgeon to measure and modify 
corneal curvature. The basic videokera tograph 
instrument includes a light source projected onto the 
cornea. The modifications of the light by the corena 
'20 is captured by a video camera and the information is 
analyzed by computer software. The data is displayed 
in a variety of formats including photographs and, on a 
screen. 

The Placido-disc. imaging is an extension of 
25 the single mirror- used in the keratometer. A series 
of rings is projected onto the cornea,, and the 
reflected images are detected by a video camera. 
Curvature data is derived from the measured distances 
between the rings. The patient is placed before a 
30 corneascope projecting a 1.6-ring conical Placio-disc. 
The scope is positioned in front of the cornea. The 
instrument contains a video camera for image capture. 
The computer digitizes or converts the data obtained 
from the video output into a form that can be 

35 
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analyzed. A number of highly sophisticated programs 
convert the data into a series of color graphics 
displays. Hard copies can be obtained from a color 
printer or a camera. The color graphics provide 
5 topographic maps. Systems currently commercially 
available include the EyeSys Corneal Analysis System 
(CAS) (EyeSys Laboratories.) and the Topographic . 
Modeling system (TMS) (Computed Anatomy, Inc.) 
Although Placido-disc vidoekeratoscopy systems work 
10 poorly on deepithelialized cornea after radial ' 

keratotomy, they can be used to evaluate the effect of 
laser ablation on an artifical cornea. 

Excimer laser photorefractive keratectomy 
(PRK) has some inhierent limitations that make 
15 pre-treatment PRK calibration mandatory. For example, 
optic degradation in the delivery system can lead to a 
spotty deterioraion of UV wavelength transmission (See 
Pig. 6), resulting in hot spots and cold spots. 
Misalignment of optics can induce unwanted 
20 astigmatism. Axis alignment for correction of 

a,stigmatism error must be precise. Furthermore, as 
the gas is expended during lasing, the power output 
deteriorates. 

Generally, calibration systems for excimer 
25 laser PRK machines have been inadequate. Most 
manufacturers recommend ablation of 

polymethylmethacrylate test blocks. These blocks then 
are visually inspected for gross irregularities and 
the targeted dioptric correction is confirmed on a . 
30 lensometer. 

There are many problems associated with the 
lensometer as a calibration tool for PHK. First, the 
lensometer does not assess homogeneity of the 
ablation. Second, it is difficult to read the "ghost 

35 
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image* (Fi^. 12) used to define the endpoint. Third, 
the higher dioptric corrections become increasingly 
difficult to read. Fourth, multizone treatment 
regimens cannot be dissected and further complicate 
5 the determination of the endpoint. Finally, some 

machines have rough, irregular ablation surfaces that 
preclude the use of ^ lensometer for calibration (Fig. 
13)- 

Background Art 

10 It is, therefore, an object of the method of 

the present invention to use r astophotgramme try to 
evaluate a surgical laser to prevent unwanted lens 
effect. . 

It is another object of the present invention 
15 to provide a method of using Placid--disc 

videokeratoscopy to evaluate a surgical laser. 

Yet another object of the present invention 
is to provide a method of using r astophotogr ammetry of 
Placido-disc videokeratoscopy before and after a laser 
20 ablation to confirm a uniform laser beam. 

Still another object of the present invention 
is to provide a method of confirming the desired lens 
effect of the laser beam on a calibration block. 

Yet another object of the present invention 
25 is to provide a method of quantifying the change in 
optic curvature of an intraocular lens imlant before- 
and after laser treatment to alter the refractive 
power . 

It is another object of the present invention 
30 to provide a method of using Placid-disc video 
keratoscopy to evaluate a surgical laser. 

Still another object of the present invention 
is to provide a method of evaluating a laser using an . 
artificial cornea of a known dioptric power employing 
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Placido-disc keratoscopy to measure the curvature of 
the artificial cornea to determine the effect of the 
laser beam on the artificial cbrnea. 

Yet another object of the present invention 
is to provide a method of per forming bphthalmological 
surgery in which a r astophotogrammetry is performed on 
a deepi thelialized cornea so as to measure the 
topography of the deepi thelialized cornea before and 
after laser ablation of the cornea. 

It is another object of the present invention 
to overcome the problems associated with using a 
lensometer as a calibration tool for photorefractive 
keratectomy. 

It is still another object of the invention 
15 to provide a method for using polymethylmethacrylate 
{PMMA) artifical corneas and commercially available 
topography instruments to provide quantitative 
information on laser ablation. 

Briefly stated^ a method of evaluating an /eye 
surgery laser is provided wherein the effect of the. 
laser ablation on various substrates is measured by 
performing ras tophotbgramrtietry or Placido-disc 
videpkeratoscopy on the substrate before., during, and 
after laser ablation to determine whether there is a 
25. uniform ablation and no unwanted effect. The 

substrate can be a calibration block, and intraocular 
lens implant j, a contact lens, an artificial cornea or 
a human cornea. 

Brief Description of the Drawing : 
30 Fig. 1 is a diagram illustrating the use of 

rastophotgr ammetry to determine unwanted lens effect 
(i.ei,.hot or cold spots) of a laser beam; 

Fig. 2 is a diagram demonstrating the use of 
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rastophotogrammetry to confirm the desired lens effect 
of a laser beam; 

Fig. 3 is a diagram ilustrating the use of 
rastophotogrammetry in an ophthalmological surgical 
5 procedure; 

Fig. 4A is a dijagram illustrating the use of 
rastophotogrammetry to evaluate a laser based on the 
effect on a contact lens of a known refractive powwer ; 

Pig. 4B is a diagram illustraing the use of 
10 Placido-disc videokeratoscopy to evaluate a laser base 
on the effect on an artificial cornea of a kown 
refractive power; 

Fig. 5 is a diagram illustrating the use of 
rastophotogrammetry to change the refractive index of 
15 an Intraocular implant ; 

Fig. 5A is a diagram illustrating use of 
rastos tereophotogrammetry to evaluate the effect of a 
laser on an artificial corner of a known refractive 
power; 

20 Fig. 6 is a UV transmission from an excimer 

laser showing spotty transmission due to optic 
degradation; 

Fig. 7 is a PMMA test ablation showing 
irregularities in the surface; 
25 Fig. 8 is a pre-ablation videoker toscope > 

image of artifical cornea; 

Fig. 9 illustrates post-ablation appearance 
of artifical cornea; . . 

Fig. 10 are difference maps illustrating the 
30 quantitative effects of laser, ablation of artifical 
cornea; 

Fig. 11 are maps illustrating pre-ablation 
topography (lef t ) , post-ablation topography (right ) 
and quantitative effects of laser ablation (bottom); 
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. . Fig* 12 illustrates a lehsometer ghost image 
endpoint in a PMMA flat block; 

Fig* 13 illustrates an irregular ablation 

surface; 

5 Pig. 14 are rastosterbgraphic images of 

pre-ablatipn PMMA cornea without a fluorescein dye; 

Fig., 15 are topographies of manufacturer's 
calibration sphere before (left) and after (r.ight) 
application of proprietary coating and a difference 
10 map (bottom); and 

Fig. 16 is a calibration cornea (PMMA) imaged 
using a polarizing filter. 
Best Mode for Carrying Out the Invention 

As illustrated in Fig. 1, rastophotogrammetry 
15 is used . to determine theamount of unwanted lens effect 
delivered by an excimer or other ultraviolet or 
infrared laser beam. 

Rastophotogrammetry device used is as the 
type marketed hy PAR Technology Corporation, Hartford/ 
20 NY 13413. A calibration block/ typically made of 
polymethylmethacrhrylate , is employed. The 
rastophotogrammetry is used before calibration to 
evaluate the laser beam.. A rastophotogram is made of 
^ the calibration block, the laser is applied to the 
25 . calibration block > and a rastophotogram is performed 
to see if the laser effect is a uniform ablation with 
no depressions (hot spots) or elevations (cold 
spots). As illustrated in Fig. 1, the rastophotogram 
confirms a uniform ablation of the calibration block. 
30 Confirmation of a desired lens effect is 

illustrated in Fig. 2. A rastophotogram is made of . 
the calibration block, the laser beam is applied to 
• ; the calibration block, and a second r as tophotgram is 
performed to confirm the desired lens effect in the 
35 ^- ■ . 
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calibration block. For example, the desired lens 
effect is 4,000 dioptric, the amount of calibration 
blpck material that is removed at each point along the 
radius of the calibration block can be computed and 
the actual amount removed compared quantitatively and 
qualitatively to the effect desired. Moreoer, the 
astigmatic and multi-zone (aspher isity ) correction 
desired can be calibrated and measured quantitatively. 

Fig. 3 illustrates the use of 
rastophotogrammetry in corneal surgery performed to 
alter the refractive index of the human cornea. As 
illustrated, a ras tophotogram is made of a calibration 
block. As previously stated, the laser is applied to 
the calibration block to determine the amount of 
15 albation and to determine whether or not there is 
unwanted lens effect. In this manner and through 
these steps, it can be evaluated whether the laser is 
properly calibrated before the laser is used on the 
human- eye. Next,; a ras tophotogram is performed on a 
deepi thelialized human cornea. The laser is then 
applied to the deepi thelialized cornea and ablation 
performed. Finally, a rastophotogrammetry is 
performed to determine if the proper refractive index 
of the deepi thelialized cornea has been achieved. The 
steps may be repeated to validate repeated ablations. 

As illustrated in Pig. 3, under-correction 
can be avoided by continuing the treatment session 
until the desired amount of correction is achieved. 
Furthermore,, in order to enhance the quality of the 
video image at this point, a surface dye can be 
applied to the deepi thelialized cornea . In addition, 
the- rastophotogrammetry grid can be projected using 
various wave lengths and filters for optimal 
visualization of the projected grid. As shown in Fig. 
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15, a polarizing filter can be used to capture. the 
. image Without the use of dye in the rastophotogram 
technique. 

Pig. 4A illustrates, the use of the 
5 rastophotogrammetry in the evaluation of the surgical 
laser using a contact lens of a known dioptric poyer. 
A contact lens of a known dioptric poWer formed from 
Pblymethylmethachrylate is .fastened to a holding 
block, such as previously described 

10 polymethylmethachrylate calibration block. The 
contact lens can be constructed as an artificial 
cornea and can be white to facilitate iinaging with the 
rastophotogramme trie system. Next, 

rastophotogrammetry is performed on the contact lens 
fron.t surface to get an accurate baseline reading of 
the topography of the front suface of the lens. Next, 
the laser is used on the front curvature of the lens. 
Finally, a second raistophotograni is peformed to 
determine that the effect of the laser on the lens 
responds, to the desired changed in the known dioptric 
poWer of the lens so that the laser can then be 
properly calibrated based upon the evaluation of the 
effect of the laser beam on the lens with known 
dioptric power. The steps in the procedure may be 
25 repeated to yalidaite the calibration. 

Pig. 4B illustrates the use of Placido-disc 
videokeratoscopy in the evaluation of a surgical laser 
using an artificial cornea of a known dioptric poWer. ' 
An artificial cornea of a known dioptric formed from 
polymethylmethachrylate or other Appropriate material 
is fastened to a holding block, as previously 
described. The artificial cornea can be black plastic 
to facilitate imaging with a videokeratoscope . The 
artificial cornea should be colored all the way 
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through to that ablation does not penetrate the 
colored layer only. 

Next, a Placido-disc videokeratoscope 
procedure is performed on the artificial cornea front 
5 surface to get an accurate baseline reading of the 
topography of the front surface of the cornea. A 
first videokertograph of the topography is made. 
Next/ a laser is uded on the present curvature of the 
artifical cornea. A nonviscous, fine hydrophobic 

10 lubricant, such as a thin oil, can be placed on the 
ablated surface of the artificial cornea to enhance 
visualization since the ablated surface loses its 
reflectively. A second Placido-disc keratoscopy 
procedure is performed and a second videokera togr aph 

15 is made. The first and second videoker atographs are 
compared to evaluate the ablating power of the laser. 
It will be appreciated by those skilled in the art 
that Placido-disc video keratoscope procedures work 
poorly on deepi thelialized cornea right after 

20 surgery. However, the procedure works well for 
imaging the artificial cornea before and after . 
ablation, as first described. Therefore, the 
Placido-disc keratoscopy can be used^ in connection 
with rastophotogrammetry in the surfical setting. The 

25 effect of the laser on an artificial cornea can be. 
determined by the use of Placido-disc video 
keratoscopy. The laser is used to perform corneal 
ablation. Subsequently, rastophotogrammetry is 
performed on the deepithelialized cornea to determine 

30 corneal topography. Corneal ablation is performed and 
a repeat ras tophotogr am is made and compared to the 
first to validate the laser action. 

' Fig. 5 illustrates the use of the 

rastophotogram to determine the effective laser 
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adjustment of refractive index of an intraocular 
implant. As illustrated, the rastophotogrammetry 
procedure is performed on the intraocular implant as 
to determine a base line. Next, the laser beam is 
5 applied to the intraocular lens implant to alter the 
curavature of; the implant and thereby alter the 
refractive power. The second rastophotogram of the 
intraocular implant is then performed to provide 
feedback mechanism to ascertain if the desired 
: 10 refractive change has been achieved. The procedure 

may be repeated until the desired change in refractive 
power is achieved. 

It should be noted that laser holography (Eye 
Technology) can be used for topographical analysis, as 
15 well as vidoeker atoscopic techniques/and 
rastostereography . 

I have used propriety arti ficial corneas to 
provide high quality images for Placido-disc video 
keratoscopes and for a rastophotogr ammetr ic topography 
20 machine. I tested an EyeSys System (Houston, Texas) 
as an example of a Placido-disc machine and the PAR 
Topography (New Hartford) , New York) as an example of 
the rastophotogrammetric technoldgy. I captured and 
^ analyzed images before and after an ablation with a 
25 VISX 20/20 excimer laser. Difference maps were 

utilized to calculate the net effects of the ablation^ 

The pre-ablation plastic corneas provided 
high quality images, as shown in Fig. 8. As shown in 
Fig. 9, post-ablation, the ablated portion lacked 
30 . sufficient reflectivity to capture an adequate image 
for videokeratoscopic tests. I used a non-viscous 
coating to provide adequate reflect ivity , tak ing care 
to avoid pooling. Such a coating is a synthetic 
aliphatic hydrocarbon with viscosity of IOC, est of 

35 
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1.8 using the ASTM D-455 test method, having a 
specific gravity of 0.797» Ras tophotogrammet r ic 
images were obtained without a fluorescein dye or a 
reflective coating (Fig. 14). The difference maps, 
5 Figs. 10 and 11, provided quantitative information on 
the dioptric correction as well as information on the 
homogenicity of the ablation, size of the zone of full 
dioptric correction, and size of the transitional 
zones. No examples of central islands were 
10 identified. Astigmatic corrections provided 

information on the precise axiis of the cylindrical 
-correction and the magnitude of correction. 

I assessed the potential for artifact induced 
by the propriety coating by confirming that the 
15 coating did not affect the topography machine's 

calibration surfaces (Fig. 16). Reproducibility was 
confirmed by multiple sequential applications of the 
coating to an ablated surface. 

It should be noted that the ablation rate 
20 (surface layer depth removed per pulse expressed as 
microns per pulse) in PMMA is about 1.8 to 3.5 times 
less that in human corneal tissue . For any given 
laser system, the Plastic To Cornea (PTC) conversion 
factor (i.e., 1.8 to 3.5) is constant for PMMA to 
25 cornea. Nevertheless, the ablation rate in PMMA, and 
hence in cornea, varies depending upon several factors 
including fluence (i.e. power density expressed in 
millijoules (mj) per centimeter squared (cm^). 
Fluence can vary at least 5 to 8%, pulse to pulse, in 
30 the range of 120 to 200 mj/cm . Variable fluence 
and other factors, such as optic degradation, mean 
that calibration on PMMA before photorefractive 
keratectomy (PRK) is mandatory. For example, if the 
fluence is running high, then the PMMA ablation that 
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is programmed for a -4 might read -4»5 on 
rastophotogrammetry and videokerat6scopic topographic 
machines. In this case^ the surgeon enters in the 
laser's computer the resultant dioptric corecion of 
5 -4»5 arid the laser is programmed automatically to 

figure that 4.50/4.00 =9/8 the amount of material is 
ablated per pulse, as ori ginally targeted . Ablation 
on PMMA is repeated using 1/8 fewer pulses until the 
programmed ( targeted ) dioptric cor rection equals the 
10 realized (as measured by topography) correction in 
PMMA. Based upon the PTC factor of. the particular 
laser system being used, (typically 1.8 to 3.5) the 
corneal ablation rate (material thickness per pulse) 
is calculated by multiplying the PMMA ablation depth 
15 per pulse by 1.8 to 3.5. For example, with the VISX 
system, the PMMA ablation rate (microns per pulse) is 
multiplied by 1.8 to get the ablation rate for the 
cornea. For LaserSight MiniExcimer, for example, the 
ablation rate in PMMA is multiplied by 3.4 to the 
20 ablation rate in the cornea . 

Pig. 5A illustrates the use of the 
rastostereophotogrammetry, in addition to 
rastophotogrammetry, in the evaluation of a surgical 
laser using an artificial cornea of a known dioptric 
25 power. An artificial cornea of a known dioptric power 
formed from polymethylmethacrylate or other 
appropriate materials is fastened to a holding block, 
as shown. The artificial cornea can be of white 
plastic or f luor escin-impregnated plastic to 
30 facilitate the imaging with the laser. The artificial 
cornea should be colored or f luorescin-impregnated all 
the way through so that ablation does not penetrate 
the colored or f luor escin-^impregnated layer only. 

Following this, the rastostereophotogrammetry 

35. ■ 
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procedure is performed on the artifical cornea front 
surface to get an accurate base line reading of the 
topography of the front surfade of the cornea. A 
first rastostereophotograminetry of the topography is 
5 made. Next, a laser is used on the present curvature 
of the artificial cornea. A second 
rastophotogrammetry procedure is performed and a 
second image is made. The first and the second images 
are compared to evaluate the ablating power of the 

10 laser. This procedure works well for imaging the 
artificial cornea before and after ablation, as 
•initially described. Therefore, rastophotbgrammetry 
is useful in this type of surgical setting. The 
effect of the laser on an artificial cornea can be 

15 determined by the use of rastophotbgrammetry. The 
laser is used to perform corneal ablation. 
Subsequently, the ras tpphotogranime try is performed on 
the deephithel ialized cornea to determine corneal 
topography. Corneal ablation is performed and a 

20 repeat ras tophotogram is made arid compared to the 

first to validate the laser action. Once again, the 
purpose of this procedure is to attain the desired 
change in the refractive power of the cornea. 

It will be appreciated that the laser also 

25 can be used to ablate an intraocular implant. The 
ablation^rate inside the eye will >have a 
plastic-implant conversion factor (PIG factor) 
depending upon the type of laser system; 
Nevertheless, the ablation rate in PMMA can vary, so 

30 pretreatment determinations are mandatory. 

Various changes and modifications can be made 
in the foregoing description and drawings within the 
scope of the present invention. Therefore, the 
foregoing description and accompanyging drawingas are 

35 
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to be interpreted as illustrative and not in a 
limiting sense. 
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WHAT IS CLAIMED IS: 

1. A method of evaluating and programming a ' 
surgical laser used in oph thalmological surgery 
comprising the steps of: 

determining a first topography of an 
artificial cornea; 

applying a laser beam to the artificial 
cornea; ' 

performing an ablation on the artificial 
cornea with the laser beam; 

determining a second topography of the 
artificial cornea after performing the test ablation; 

comparing the second topography to the first 
topography; 

evaluating an ablating effect of the surgical 
laser based upon the comparison; and 

programming the laser to produce a desired 
ablating laser beam based upon the evaluation. 

2. The method of claim 1 wherein the steps of 
determining a fi^rst and a second topography further 
include performing a rastophotogrammetr ic procedure. 

3. The method of claim 1 wherein the steps of 
determining a first and a second topography further 
include performing a videoker atoscopic procedure. 

4. The method of claim 1 wherein the steps of 
determining a first and a second topography further 
include performing a laser holographic procedure. 

5. The method of claim 1 wherein said step of 
programming the surgical laser further includes 
programming the laser using a predetermined dioptric 
number. 

6. The method of claim 1 wherein the step of 
determining a first and a second topography further 
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includes a laser holographic proceduref. 

7. The method of claim 1 wherein said test 
substrate is a PMMA block. 

8. The method of claim 1 wherein the step of 
programming the surgical laser further includes 
programming the laser using a plastic to cornea 
conversion factor ranging from 1.8 to 3. 5 dioptrib 
number . 

9. A method of evaluating surgical laser for use 
in ophthalmological surgery comprising the steps of: 

performing a first r astoster eophotogrammetry 
procedure on a substrate to determine surface contour 
of said substrate; 

making a first r as tester eophotogram; 

applying a laser. beam to said substrate; 

abalting said substrate with said laser beam; 

performing a second r as tost ereophotogrammetry 
procedure on said substrate to determine a second 
surface contour of said substrate after ablation; 

making a second ras tostereophotogram; and 

evaluating said laser beam performance based 
upon a comparison of said second and said first 
ras tester eophotogram. 

10. The method of claim 9 wherein said step of 

performing a first rastpstereogirammetry procedure on a 
substrate to determine surface contour of said 
substrate further includes performing a first 
rastpstereogrammetry procedure on an . ar tif icia 1 cornea 
of known dioptric power. 
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